Twenty-nine super-early pigeonpea genotypes along with an early duration check were evaluated for 12 quantitative traits to assess genetic variability, cause and effect for yield as well as yield contributing traits. High PCV and GCV was observed for the traits viz. plant height, number of branches per plant, pod bearing length, number of clusters per plant, number of number of pods per plant and single plant yield. High heritability associated with high genetic advance as per cent of mean (GAM) was observed for the traits like plant height, pod bearing length, number of clusters per plant and number of branches per plant indicating that these traits were controlled by additive gene action and selection for above traits is advisable. Correlation coefficient analysis revealed that the traits viz. number of number of pods per plant, pod length, number of seeds per pod and days to fifty per cent flowering can be the best selection indices for breeding programme as they show significant positive correlation in favour of single plant yield. Path coefficient analysis showcased the traits with direct and indirect effect on single plant yield as number of pods per plant, plant height, days to maturity, number of branches per plant and days to fifty per cent flowering.
Introduction
Pigeonpea (Cajanus Cajan (L.) Millsp. ) is a versatile plant species rich in protein. Globally pigeonpea is cultivated in about 5.41 M ha with a production of 4.48 M tonnes and yielding an average of 724 kg/ha (FAOSTAT, 2016) . India is the largest producer of pigeonpea followed by Myanmar, Malawi, United Republic and Kenya. Pigeonpea is the second largest pulse grown in India next to chickpea. It can fix up to 235 kg nitrogen per hectare and produce more nitrogen per unit area than any other legumes, thus being a source for sustainable agriculture (Peoples et al, 1995) . Pigeonpea is a perennial crop by its habitat and domesticated as annual crop due its commercial demand. However, due to increased cropping period, monocropping is prevailing in pigeonpea cultivation. The super early lines developed at ICRISAT, Patancheru, Hyderabad reach maturity within 100 days creating an opportunity to intensify cropping system, overcome monocropping and dodging climate changes (Srivastava et al, 2012) . Hingane (2016) stated that the super early genotypes can adapt to various agro-ecological zones due to its thermo and photo insensitivity whereas the shorter crop period aids in escaping from extreme variants of biotic and abiotic stresses. The genotypes show synchronized maturity enhancing mechanical harvesting, thereby aiding timeliness and reduced resource input in crop production. Hence, the study was undertaken to assess variability, correlation and path coefficients which enroute in selecting superior lines, thus leading to crop improvement in superearly lines of pigeonpea.
Materials and Methods
The study was conducted at International Crop Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Hyderabad during kharif 2017. The study involved 29 super-early pigeonpea genotypes which include non-determinate (NDT) and determinate (DT) types developed at ICRISAT and one early duration pigeonpea, MN1 as check. MN1 is also one of the parents involved in the development of super-early lines (Srivastava et al, 2012) . The details of the super-early genotypes are furnished in Table 1 . The latitudinal and longitudinal position of the experimental plot is 17.51°N and 78.27° E respectively. The experimental plot is located at an altitude of 545 meters above MSL with an annual rainfall of 877.82 mm. The soil type is alfisol. The experimental design was randomized complete block design (RCBD) with 3 replications. The genotypes were raised in a broad bed of 4m length and 1m breadth with a spacing of 30 cm × 10 cm. Standard cultural practices were followed as per recommendation to maintain good crop health status. The study involved 12 quantitative characters for exploring the genetic variability, cause and effect of yield and yield attributes. The quantitative characters viz. days to fifty per cent flowering (DFF), days to maturity (DM), plant height (PH, cm), number of branches per plant (NBR, no's), pod bearing length (PBL, cm), number of clusters per plant (NCPL, no's), number of number of pods per plant (PPC, no's), pod length (PL, cm), number of seeds per pod (NSPP, no's), 100-seed weight (HSW, g), shelling percentage (SP, %) and single plant yield (SPY, g). The readings were taken from five single competitive plants of each genotype over three replications. The statistical analysis was carried out utilizing GENRES v 7.01 software. Phenotypic and genotypic coefficients of variation were computed based on the formulae suggested by Burton (1952) . Heritability in broad sense was calculated following the method proposed by Lush (1940) . Genetic advance as percent of mean was estimated using formula formulated by Johnson et al. (1955) . Correlation analysis was carried out according to the method suggested by Johnson et al. (1955) and path analysis was based on the method provided by Dewey and Lu (1959) .
Results and Discussion
The existence of variability among the individuals of a population is inevitable for crop improvement. Variability is an apparent index for choosing superior material in a plant breeding programme. Variability can be estimated by various methods. Measuring the components of variability is the primary step in reckoning variability. The study of analysis of variance (ANOVA) showed significant differences for all the traits studied. The estimated ANOVA is presented in Table 2 . Phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) shows ascendency in representing the variability. The PCV and GCV of super-early genotypes are presented in Table 3 . PCV and GCV were high for characters like pod bearing length (44.49, 45.70) followed by number of clusters per plant, single plant yield, number of pods per plant, number of branches per plant and plant height. It was low for shelling percentage, number of seeds per pod, pod length, days to maturity, days to fifty percent flowering and 100-seed weight. High PCV and GCV indicate that the corresponding characters can be subjected to selection to explore beneficial traits, whereas low PCV and GCV manifest that the selection of the trait shows no singularity. PCV was higher than GCV in all the studied characters.
However, the magnitude of discrepancy between PCV and GCVwas very low representing that they were majorly under genetic control and the influence of environment was negligible. Similar findings were reported by Rajamani et al., (2015) , Kesh et al., (2017) , Mallesh et al., (2017) and Deepak et al., (2018) .The proportion of variability due to genetic cause is projected as heritability. Heritability imprints on the transmission of traits from parents to offspring. High heritability was recorded in case of plant height (98.48%), days to maturity (97.01%), pod bearing length (94.7%), days to fifty per cent flowering (78.08%), pod length (77.32%), number of clusters per plant (70.18%) and number of branches (63.15%). Moderate heritability was observed in case of number of seeds per pod (58.63%), number of pods per plant (49.58%), 100-seed weight (47.05%) and single plant yield (39.45%) whereas shelling percentage exhibited low heritability (17.78%). The genetic advance is represented as per cent of mean. High genetic advance as per cent of mean (GAM) was recorded in case of pod bearing length (89.17%) followed by number of clusters per plant (68.16%), plant height (43.25%), number of pods per plant (39.44%), number of branches (33.75%) and single plant yield (32.82%). Moderate genetic advance was espied in case of days to fifty per cent flowering (12.7%), 100-seed weight (11.47%) and days to maturity (10.46%), whereas low genetic advance was recorded for characters like pod length (9.01%), number of seeds per pod (7.22%) and shelling percentage (2.74%). The characters viz. plant height, pod bearing length, number of clusters per plant and number of branches exhibited high heritability combined with high genetic advance representing that they are controlled by additive gene action and selection is effective for these traits. The additive gene action was also reported for plant height and number of branches per plant by Bhadru (2010) and Meena et al., (2017) , whereas for number of branches alone by Kesh et al., (2017) . Moderate heritability in combination with high genetic advance was showcased by traits like days to fifty per cent flowering, number of pods per plant, 100-seed weight and single plant yield expressing the fact that they can also be subjected to selection, however it is not as effective as the above case and experiences some influence from biotic and abiotic factors. High heritability and low genetic advance was observed in case of traits like pod length and number of seeds per pod. High heritability and low genetic advance indicates that the trait is controlled by non-additive gene action and selection would not be rewarding. Shelling percentage shows low heritability along with low genetic advance exhibiting that it is highly influenced by environment and selection in this case is ineffective. Saroj et al., (2013) , Ram et al., (2016) and Narayana et al., (2018) . Significant and negative correlation was registered for single plant yield in case of number of branches per plant (r=-0.947, p<0.01), 100-seed weight (r=-0.679, p<0.01) and shelling percentage (r=-0.987, p<0.01). Thus, single plant yield can be improved by focusing on traits with significant and positive association with it based on correlation analysis. Days to maturity exhibited significant positive correlation with plant height (r=0.891,p<0.01), pod bearing length (r=0.825,p<0.01), number of clusters per plant (r=0.827,p<0.01), number of number of pods per plant (r=0.881,p<0.01), pod length (r=0.482,p<0.01), number of seeds per pod (r=0.743,p<0.01) and days to fifty per cent flowering (r=0.998,p<0.01). Days to maturity was correlated in the opposite direction with traits like number of branches (r=-0.614, p<0.01), 100-seed weight (r=-0.615, p<0.01) and shelling percentage (r=-0.890, p<0.01). The above was in confirmation with the results of Narayana et al., (2018) . Plant height had significant and positive correlation with pod bearing length(r=0.966,p<0.01), number of clusters per plant(r=0.988,p<0.01), number of number of pods per plant(r=0.987, p<0.01), number seeds per pod(r=0.630, p<0.01), days to fifty per cent flowering (r=0.896, p<0.01), days to maturity(r=0.891, p<0.01) and single plant yield (r=0.988, p<0.01), however it was significant and negatively correlated with number of branches per plant (r=-0.841, p<0.01), shelling percentage (r=-0.509,p<0.01) and 100-seed weight (r=-0.798, p<0.01). The experimental material was developed with an idea of reduced days to maturity thereby offering an opportunity to overcome the drawbacks so far in pigeonpea cultivation. Therefore, trait of focus is days to maturity and single plant yield. The traits like plant height, pod bearing length, number of clusters per plant, number of number of pods per plant, pod length, number of seeds per pod and days to fifty per cent flowering can be selection indices used in a breeding programme for improvement of yield and earliness based on correlation studies. Path coefficient analysis splits the correlation coefficient into direct and indirect effects thus making selection process more precise for improvement of a trait. Path analysis was carried out for genotypic correlation of single plant yield. The results are presented in Table 4 . The effects were rated according to Lenka and Mishra (1973) . The traits like number of pods per plant (0.883), days to maturity (0.836), number of branches per plant (0.636), pod bearing length (0.613), plant height (0.363) and pod length (0.356) exhibited high direct effect in the positive direction. Moderate direct effect on single plant yield was reported in case of pod length (0.274) and number of seeds per pod (0.225). 100-seed weight and shelling percentage projected low direct effect on single plant yield. The trait like days to fifty per cent flowering showed high direct effect but in the negative direction. The indirect effect in case of number of pods per plant was high and positive for plant height, pod bearing length, number of clusters per plant, days to fifty per cent flowering and days to maturity whereas, it was high and negative for traits like number of branches per plant, hundred seed weight, and shelling percentage. The pod bearing length, number of number of pods per plant, pod length, number of seeds per pod, days to fifty per cent flowering and days to maturity had high and positive indirect effect on plant height, whereas number of branches per plant, 100-seed weight, number of clusters per plant, shelling percentage had negative indirect effect on plant height. Days to maturity experienced moderate to high indirect affect via other traits. Based on the path coefficient analysis, the traits like number of number of pods per plant, plant height, days to maturity, number of branches per plant and days to fifty per cent flowering can be considered in a breeding programme for improvement of single plant yield. Similar findings were reported by Narayana et al., (2018) The study of genetic parameters showcased the fact that characters viz. plant height, pod bearing length, number of clusters per plant and number of branches exhibited high variability in combination with high heritability and genetic advance as per cent of mean. Hence the selection for above traits can be strictly considered while crop improvement in super early pigeonpea for single plant yield (g). The cause and effect analysis implied that the traits like number of number of pods per plant, pod length, number of seeds per pod, days to maturity and days to fifty per cent flowering showed positive association and direct effect towards single plant yield thus they can be a selection index for improving single plant yield. 
